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BODY 

In  neurofibromatosis,  the  loss  or  mutation  of  NF1  gene  is  the  molecular  error  responsible  for  the 
phenotype.  The  defective  neurofibromin  leads  to  accumulation  of  hyperactive  Ras-GTP,  which  make  the 
mitogenic  signals  in  NF1  cells  “turn  on”  all  the  times,  and  the  cells  respond  by  proliferating.  We  speculated 
that  HABP  might  be  able  to  induce  apoptosis  and  to  reduce  the  immortality  of  NF1  cells. 

For  this,  we  are  focusing  on  three  aims:  1):  To  examine  the  anti-tumor  effect  of  synthetic  targeted 
HA  binding  peptide  on  malignant  neurofibromatosis  cells;  2):  To  examine  the  anti-tumor  effect  of 
genetically  expressed  targeted  HA  binding  peptide;  3)  :  To  examine  the  effect  of  targeted  HA  binding 
peptide  on  molecules  involved  in  apoptosis. 

In  the  past  first  year,  we  have  finished  the  following  tasks:  1)  chemical  synthesis  of  HA  binding 
peptide  and  its  control  peptide  in  a  large  scale;  2)  identification  of  HA  binding  activity  of  the  synthetic 
peptides;  3)  characterization  of  the  anti-tumor  activity  of  HA  binding  peptide;  4)  study  of  the  effect  of  HA 
binding  peptide  on  molecules  involved  in  cell  programmed  death;  and  5)  construction  of  mammalian 
expression  vector  for  HA  binding  peptide. 

The  results  are  summarized  as  following: 

1.  Synthesis  and  characterization  of  HA  binding  peptide: 

The  HA  binding  peptide  that  we  have  proposed  to  test  consists  of 
17  residues  of  amino  acid:  KW CFRV C  YRGIC  YRRCR,  which  consists 
of  two  domains  of  B[X7]B:  KWCFRVCYR  and  RGICYRRCR.  Due  to 
the  four  residues  of  cystine  (C),  this  peptide  forms  two  disulfide  linkage, 
which  exposes  all  six  positively  charged  basic  amino  acids  on  its  surface, 
allowing  effective  binding  to  its  ligand  or  target  (Fig  1).  Furthermore,  it 
confers  stability  to  the  peptide  at  low  pH  and  high  temperature,  which 
makes  it  easy  to  manipulate  and  gives  it  a  long  shelf-life. 

Fig  1.  Structure  of  HA  binding  peptide 

Due  to  its  short  sequence  of  amino  acid,  this  HA  binding  peptide  is  relatively  easy  to  make  it  by 
chemical  synthesis.  If  HA  binding  peptide  does  exert  a  potent  anti-tumor  effect  on  neurofibromatosis,  then 
practically  it  can  be  produced  in  a  large  quantity  for  the  clinical  trial. 

The  HA  binding  peptide  and  its  scramble  control  peptide  which  has  the  same  amount  of  amino  acid 
were  submitted  to  Genemed  Synthesis  Inc.  (South  San  Francisco,  CA)  to  synthesize  chemically  for  the 
quantity  of  one  gram.  To  avoid  the  enzyme  degradation,  the  N-terminal  were  acetylated  and  the  C-terminal 
amidated.  The  result  of  mass  spectrophotometer  analysis  indicated  that  the  synthetic  peptide  had  molecular 
weight  of  2309  Dalton  with  a  relative  purity  (Fig  2). 

To  determine  if  this  synthetic  HA  binding  peptide  has  bioactivity,  the  binding  assay  was  performed. 
The  peptide  was  mixed  with  3H-HA,  incubated  for  2  hours  and  then  applied  to  a  nitrocellulose  membrane 
using  a  dot  blot  apparatus.  The  free  3H-HA  was  washed  away  with  phosphate  saline  buffer,  and  then  the 
membrane  with  retained  peptide-3H-HA  complex  was  cut  out,  emerged  in  scintillation  fluid  and  the 
radioactivity  was  determined  with  a  p-counter.  The  results  (Fig.  3)  showed  that  this  synthetic  targeted  peptide 
had  strong  HA  binding  properties  which  could  be  blocked  with  a  50  fold  excess  of  cold  HA,  while  the 
scramble  control  peptide  had  very  little  background  binding. 
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Fig  2.  Mass  spectrophotometer 
analysis  of  synthetic  HA  binding 
peptide. 


Fig  3.  HA  Binding  activity  of  HA  binding  peptide.  Fifty  jig  of 
targeted  peptide  was  incubated  with  20  pi  of  100  pg  /ml  of  3H-HA  (5  x 
1 05  cpm/pg  HA)  for  2  hours  and  loaded  onto  nitrocellulose  membrane 
on  a  dot  blot  device.  The  free  3H-HA  was  washed  away  with  PBS,  and 
then  the  membrane  with  retained  peptide-3H-HA  complex  was  cut  out, 
emerged  in  scintillation  fluid  and  the  radioactivity  was  counted  with  a 
(3-counter.  The  targeted  peptide  binds  to  HA. 


The  successful  synthesis  of  HA  binding  peptide  provided  material  for  its  anti-neurofibromatosis 
function  study. 


2.  Effect  of  synthetic  HA  binding  peptide  on  ST88-14  NF1  cells 


Initially,  we  used  HA  binding  peptide  to  treat  the  human  ST88-14  NF1  cells  and  endothelial  cells 
(human  umbilical  vein  endothelial  cells,  HUVEC)  in  anchorage-dependent  culture.  It  took  less  than  24  hours 
to  cause  a  visible  morphological  change  in  HA  binding  peptide  treated  cells.  The  cells  treated  with  HA 
binding  peptide  looked  very  sick,  appearing  rounded,  condensed  and  detached  (Fig.  4  B  and  D),  much 
different  from  those  treated  with  the  control  peptide  (Fig.  4  A  and  C).  HA  binding  peptide  seems  have 
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strong  effect  on  cell  viability.  This  effect  of  HA  binding  peptide  on  ST88-14  NF1  cells  was  compatible  with 
Taxol,  a  most  commonly  used  anti-tumor  drug,  which  was  used  as  positive  control  in  the  experiments  (Fig. 
5). 


Fig.  4  Fig.  5 

Pnntrnl  npntirlp!  100  licr/ml  T-TA  r\£»rvH*r1^  100  nn/trtl 


Fig  4  and  5.  Effects  of  HA  binding  peptide  and  Taxol  on  ST88-14  cells.  The  cells  were  treated  with 
indicated  agents  for  24  hours  and  then  the  pictures  of  altered  morphology  were  taken  under  revisal  microscopy. 

To  quantitatively  measure  the  effect  of  HA  binding  peptide  on  cell  proliferation,  3H-thymidine  (3H- 
TdR)  incorporation  assay  was  carried  out.  The  ST88-14  NF1  cells  were  cultured  in  96  well  plates  and  treated 
with  different  doses  (25,  50,  100  or  200  pg/ml)  of  HA  binding  peptide  for  24  hours,  and  then  treated  with 
H-TdR  to  detect  cell  proliferation.  The  results  showed  that  the  HA  binding  peptide  had  a  strong  inhibitory 
effect  on  ST88-14  NF1  cells  in  a  dose  dependent  manner  (P<0.01,  Fig.  6).  Furthermore,  the  proliferation  of 
HUVEC  induced  by  FGF2  was  also  inhibited  by  HA  binding  peptide  (P<0.01,  Fig.  7).  These  inhibitory 
effects  was  very  reproducible. 

Importantly,  when  tested  on  non-tumorigenic,  immobilized  normal  cell  lines  (Cos  7  and  NIH  3T3), 
the  inhibitory  rate  was  much  lower  than  that  either  on  the  ST88-14  cells  or  on  the  proliferating  endothelial 
cells,  indicating  that  HA  binding  peptide  might  be  preferentially  targeting  tumor  cells  (data  not  shown). 
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Fig  6  Fig  7 


Fig  6  and  7.  Effects  of  HA  bindin  g  peptide  on  ST88-14  cells  and  HUVEC  cells.  The  cells  cultured  in  96 
well  plate  were  treated  with  HA  binding  peptide  at  different  doses  for  24  hours  and  then  traced  with  3H-TdR  for 
proliferation.  The  incorporated  3H-TdR  was  counted  with  p-counter. 

These  results  indicated  that  the  HA  binding  peptide  did  possess  potent  anti-tumor  activity. 

3.  Molecular  mechanisms  for  the  action  of  HA  binding  peptide 

To  explore  the  underlying  mechanism  by  which  HA  binding  peptide  exert  its  anti-tumor  activity,  we 
have  carried  out  the  studies  focused  ori  the  molecules  involved  in  cell  apoptosis  and  proliferation.  The 
results  Indicate  that  HA  binding  peptide  could  bind  to  anti-apoptosis  molecules,  such  as  Bcl-2/  BcI-Xl-  It 
could  also  reduce  cyclin  Bl,  Cdc-2  and  £  hosphorylated  erk.  The  data  are  showed  as  following: 

A)  Binding  of  HA  binding  peptide  to  Bcl-2 

Bcl-2/  Bc1-xl,  the  critical  anti-apoptotic  molecules,  are  anchored  on  membranes  and  may  form  a  large 
macromolecular  structure  or  lattice.  This  three-dimensional  configuration  is  stabilized  with  the  binding  of 
Apaf-1,  an  adaptor  for  caspase  9.  Wi  en  a  pro-apoptotic  member  of  the  BcT2  family  binds  to  an  anti- 
apoptotic  member,  the  lattice  conformation  alters,  forms  ion-conducting  channels  [49-51],  and  releases  Apaf- 
1  and  cytochrome  c  from  mitochondria  into  the  cytosol.  The  entire  lattice  becomes  conducive  to  caspase 
activation  and  apoptosis  induction. 

Obviously,  the  functional  blockade  of  Bcl-2  /  Bc1-Xl  could  restore  the  apoptotic  process,  and  thereby, 
could  inhibit  the  uncontrolled  proliferation  of  ST88-14  NF1  cells. 

To  determine  if  HA  binding  peptide  acts  on  BcI-2/BcI-xl,  we  performed  two  types  of  experiments. 
First,  an  ELISA-like  binding  assay  was  performed.  The  HA  binding  peptide  or  control  peptide  were  coated 
on  maleic  anhydride  treated  plates  (special  for  coating  of  peptide,  Micro  membranes  Inc.).  After  blocking, 
different  concentrations  of  purified,  human  recombinant  Bcl-2  protein  (Sanda  Cruz,  Inc)  were  added  to  plate 
and  incubated  at  room  temperature  for  c  ne  hour.  After  wash,  the  anti-Bcl-2  was  added  for  one  hour  followed 
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by  peroxidase  labeled  second  antibody  anc  then  substrate.  While  there  was  no  binding  in  control  peptide,  the 
HA  binding  peptide  bound  strongly  to  Bel  2  in  a  dose-dependent  fashion  (Fig.  8). 

Fig.  8.  Binding  of  HA  binding 
peptide  to  Bcl-2.  The  High-Bond 
ELISA  plates  were  coated  with  200  pi 
of  5  pg/ml  HA  binding  peptide  or 
control  peptide.  After  blocking  each 
well  with  5%  BAS  in  TBS-T  (10  mM 
Tris-Cl  pH  7.4,  300  mM  NaCl, 
0.2%Tween-20),  100  pi  of  a  series 
concentration  of  Bcl-2  (0  -  1.0  pg/ml ) 
were  added  to  each  well  of  the  plates 
and  incubated  at  RT  for  one  hour 
followed  by  incubation  of  anti-Bcl-2 
antibody  and  then  a  second  antibody- 
HRP.  The  plates  are  again  washed  with 
TBS-T  and  then  each  well  was  added 
100  pi  of  a  peroxidsae  substrate 
consisting  0.03%  H202,  0.5  mg/ml 
2,2’  azinobis  (3-ethylbenzthiazoline 
sulfonic  acid)  in  0.1M  sodium  citrate 
pH  4.2.  After  30  min,  the  OD405  will  be 
determined  using  an  ELISA  reader. 

To  confirm  if  this  is  a  true  phenomenon  and  if  HA  binding  peptide  can  also  bind  to  Bcl-xp  the 
immuno-precipitation  and  Western  blotting  was  performed  in  vitro.  0.2  pg  of  purified  GST-Bcl-2  fusion 
protein  (Santa  Cruz)  or  Bc1-xl  protein  (expressed  and  purified  from  E.  colt)  or  other  GST  fusion  protein  (as 
control  for  specificity)  were  incubated  with  (as  test)  or  without  (as  control)  0,2  pg  of  biotinylaed  HA  binding 
peptide  in  500  pi  of  TBS-T  buffer  (300  iqM  NaCl,  1  mM  EDTA,  20  mM.  Tris  [pH  8.0],  0,2%  Tween  20)  at 
4°C,  One  hour  later,  each  of  the  binding  reactions  was  mixed  with  20  pi  of  1:1  slurry  of  strepavidin- 
sepharose  beads  and  incubated  overnight  at  4°C  with  gentle  agitation.  The  beads  were  washed  three  times 
with  l  ml  of  TBS-T.  The  bound  proteins  were  eluted  in  SDS-loading  buffer,  electrophoresized  and 
transferred  to  nitrocellulose  membrane  bllowed  by  staining  with  anti-GST  tag  (for  Bcl-2)  or  anti-  Bc1-xl 
secondary  antibodies  labeled  with  peroxidase  and  enhanced  chemiluminescent  (ECL)  detection.  The  result 
(Fig.  9A)  was  very  convincing:  a  major  band  was  pulled  down  by  strepavidin-sepharose  beads  in  the  mixture 
of  GST-Bcl-2  and  biotin-HA  binding  peptide  (lane  1),  indicating  that  the  GST-Bcl-2  physically  binds  to  HA 
binding  peptide  .  This  binding  specificity  was  confirmed  that  no  major  band  can  be  detected  when  only 
present  of  GST-Bcl-2  without  biotin-HA  binding  peptide  (lane  2)  GST  tagged  other  protein  with  biotin- 
HA  binding  peptide  (lane  3).  The  majority  of  GST-Bcl-2  in  the  test  tube  was  bound  to  biotin-HA  binding 
peptide  (lane  1)  as  compared  to  the  loading  control  (lane  4).  To  our  amazing,  similar  situation  occurred  in 
mixture  of  Bc1-xl  with  biotin-HA  binding  peptide  (Fig.  9B),  in  which  there  was  a  clear  band  in  lane  1 
while  no  band  could  be  detected  without  addition  of  biotin-HA  binding  peptide  (lane  2). 

Does  this  happen  in  vivo  in  a  natural  condition?  The  293T  cells  were  transiently  transfected  pCMV 
vector  carrying  with  Bcl-2  or  Bc1-xl  cDNA  fused  at  N-terminai  of  Green  Fluorescence  Protein  (GFP)  or  with 
only  GFP  (as  a  control).  Twelve  hours  later,  cells  were  incubated  with  biotin-HA  binding  peptide  for  3  hours 
and  1 .0  ml  of  cell  lysates  were  mixed  with  strepavidin-sepharose  beads  and  incubated  overnight  at  4°C.  The 
bound  protein  were  eluted  in  SDS  loading  buffer  analyzed  in  Western  blotting  with  anti-GFP.  The  results 
showed  that  although  all  the  cells  (in  lanes  4-5  of  Fig.  9C)  received  biotin-HA  binding  peptide  treatment,  the 
strepavidin-sepharose  beads  could  pulled  down  GFP  fusion  proteins  only  in  Bcl-2-GFP  or  Bcl-xr.-GFP 
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transfected  cells  (Fig.  9C  Lane  5,  6)  net  in  vector  alone  transfectants  (Fig.  9C  Lane  4).  The  lysates  of 
transfected  cells  (Fig.  9C  Lanes  1-3)  hac  multi-bands,  indicating  a  degradation  of  expressed  Bcl-2-GFP  or 
Bcl-xt-GFP  fusion  protein.  We  noticed  that  a  truncated  Bcl-2  (lower  band  in  Fig.  9C,  Lane  5)  had  a  higher 
binding  affinity  to  HA  binding  peptide  thzn  intact  Bcl-2  (up  band  in  Fig.  9C,  Lane  5). 


Figs.  9.  The  binding  of  HA  binding  peptide  to  Bcl-2  and  Bc1-xl:  For  in  vitro  binding  assay,  0.2  |Xg  of  GST-Bcl-2 
fusion  protein  or  Bcl-x,,  protein  were  incubated  with  or  without  0.2  |ig  of  biotin-HA  binding  peptide  and  incubated 
overnight  with  strepavidin-sepharose  beads  followed  by  wash,  elution  and  Western  blotting  with  anti  GST  tag  (for 
Bcl-2)  or  anti-  Bcl-x^  and  ECL  detection  (A  and  B).  For  in  vivo  co-immunoprecipitation,  293 T  cells  in  100  mm 
dishes  were  transiently  transfected  pCMV  vijetor  with  Bcl-2  or  Bcl-xL  cDNA  fused  at  N-terminal  of  GFP  or  with  only 
GFP  as  a  control.  Twelve  hours  later,  cells  were  incubated  with  biotin-HA  binding  peptide  for  3  hours  and  harvested 
in  1.5  ml  of  lysis  buffer  (150  mM  NaCl,  1  mM  EDTA,  20  mM.  Tris  [pH  8.0],  0.5%  Nonidet  P-40, 10  pg/ml  aprotinin, 
10  pg/ml  leupeptin,  and  ImM  PMSF),  Cne  ml  of  cell  lysates  were  mixed  with  strepavidin-sepharose  beads  and 
incubated  overnight  at  4°C.  The  beads  wen  washed,  eluted  in  30  ul  of  SDS  loading  buffer.  10  pi  of  each  transfected 
cell  lysates  and  the  immunoprecipitated  sample  were  analyzed  in  Western  blotting  using  anti-GFP  antibody  and  ECL 
detection.  (C). 


These  in  vitro  and  in  vivo  data  indicate  that  the  inhibitory  effect  of  HA  binding  peptide  on  ST88-14 
NFl  cells  may  due  to  the  binding  of  HA  binding  peptide  to  BcI-2/BcI-Xl,  which  blocks  their  anti -apoptosis 
function,  leading  to  the  cell  programmed  death. 


4.  Construction  of  mammalian  expression  vector  for  HA  binding  peptide 

In  this  project,  we  proposed  to  use  two  approaches  to  test  the  anti-  neurofibromatosis  of  HA  binding 
peptide:  one  is  to  directly  use  the  synthetic  HA  binding  peptide,  and  the  other  is  to  use  gene  therapy.  The  is 
based  on  the  rational  that  the  molecular  mass  of  HA  binding  peptide  is  so  small  that  in  the  circulation  it  can 
be  quickly  filtered  out  by  the  kidney.  Therefore,  it  is  possible  that  the  systemic  delivery  of  peptide  may  not 
be  able  to  reach  the  concentration  necessary  for  the  suppression  of  neurofibromatosis.  However,  this  may  be 
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overcame  by  a  genetic  engineering  approach,  which  is  one  of  the  best  ways  to  study  the  function  ofagiven 


The  advantages  of  genetic  engineering  approach  are  as  follows:  1)  it  results  in  a  high  concentration 
in  tumors;  2) the  peptides  should  be  evenly  distributed  since  it  should  be  expressed  by  almost 
aU  of  the  transfected  tumor  cells;  and  3)  consistent  levels  of  peptides  will  be  maintained  by  the  tumors,  since 
the  transfected  tumor  cells  have  been  genetically  modified  with  cDNA  coding  for  the  designated  peptide,  and 
they  will  pass  this  property  to  their  daughter  cells.  For  these  reasons,  we  believe  that  the  approach  of  using 
expression  vectors  may  give  results  not  achieved  by  other  deliver  methods. 

.  ^0r  side-by-side  comparison  of  the  effects  of  two  approaches,  we  need  to  have  the  peptide  and  the 

peptide  expression  vector  available.  We  have  obtained  large  quantity  of  HA  binding  peptide.  We  then 
constructed  the  expression  vector  for  this  peptide. 

Tke  amino  acid  sequence  of  HA  binding  peptide  and  control  peptide  will  be  back-translated  into 
u,  Two  oligonucleotides  that  contain  half  of  the  cDNA  code  and  some  sequence  overlap  in 

the  middle  portion  will  be  chemically  synthesized,  annealed  and  processed  by  PCR  to  obtain  the  complete 
sequence  In  addition,  restriction  enzyme  sites  (Kpn  I  on  5’ -end  and  Not  I  on  3’-end)  will  be  placed  at  the 
ends  of  the  cDNA  for  amplification  by  PCR.  Following  digestion,  the  PCR  products  will  be  inserted  into  the 
expression  vector,  p-IgK-HA  (Fig.  10).  This  vector  contains:  1)  a  CMV  promoter;  2)  a  human  Ig  K-chain 
leader  sequence  for  secretion  of  the  expressed  peptides,  and  3)  a  HA  tag  for  detection  of  the  expressed 
peptides  in  transfected  cells.  After  the  correct  sequences  have  been  confirmed  by  DNA  sequencing,  the  HA 
vector  tor  die  expression  of  binding  peptide  was  transiently  transfected  into  293  to  see  if  the  peptide  is 
expressed.  The  cell  lysate  from  the  transfected  293  cells  was  subjected  to  Western  blotting  with  anti-HA  tag. 

e  resu  t  (  ig  11)  showed  that  there  was  one  band  on  the  Western  blotting  with  a  right  molecular  weight, 
indicating  that  the  constructed  vector  is  capable  for  expression  of  HA  binding  peptide. 


Fig.10: 


CMV  > 

p-Igk-HA 

4138  bp 

SV40  poly 
JVeo/Kana 


Igk  Signal  IgK  Signal 

I  ^ Kpnl  B 

■^Nl^Sall  Kpnl 

Notl 

\SSHin  dill 
m\EcoKl 
jj  YBamHI 
i  \Agel 

HA  Tag 


HA  Tag 


NotM  EctpRI  Agel 
Hindll I  BamHl 
195  bp 


Fig.  10.  Constructed  vector  for  expression  of  HA  binding  peptide.  Vector  p-IgK-HA  contains:  a  CMV 
promoter;  a  human  Ig  K-chain  leader  sequence,  cDNA  for  HA  binding  peptide  and  a  HA  tag. 
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HA  binding  peptide 
with  HA  tag  ~ 

HA  tag  — 


'<&  - 


5  .<& 


x$y 
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/£>  sSr 


3-°V 


A® 


n/ 


Fig.  11.  The  expression  of  HA  binding 
peptide.  Thirty  pg  of  transfected  293  cell 
lysate  was  subjected  to  Western  blotting 
analysis  with  anti-HA.  The  band  with  right 
molecular  weight  was  showed. 


Thus  far,  we  have  successfully  obtained  both  synthetic  peptide  and  its  expression  vector,  which 
provides  us  the  necessary  material  for  the  in  vivo  test  in  next  year. 

In  summary,  in  the  past  year,  we  have  finished  the  following  tasks:  1)  chemical  synthesis  HA 
binding  peptide  and  control  peptide  in  a  large  scale;  2)  identification  of  its  HA  binding  activity;  3) 
characterization  of  anti-tumor  activity  of  HA  binding  peptide;  4)  study  of  the  effect  of  HA  binding  peptide 
on  molecules  involved  in  cell  programmed  death;  and  5)  construction  of  mammalian  expression  vector  for 
HA  binding  peptide. 

The  results  of  study  indicated  that:  1)  large  scale  synthesized  HA  binding  peptide  did  possess  HA 
binding  activity;  2)  synthetic  HA  binding  peptide  exerted  an  anti-tumor  effect  of  on  ST88-14  NF1  cells;  3) 
HA  binding  peptide  could  bind  to  Bc1-2/Bc1-xl,  the  critical  anti-apoptosis  factors,  which  may  be  one  of  the 
mechanisms  by  which  HA  binding  peptide  inhibits  ST88-14  NF1  cells;  4)  the  cells  transfected  with 
expression  vector  carrying  cDNA  of  HA  binding  peptide  could  express  this  peptide  as  evidenced  by  Western 
blotting. 

In  the  next  year,  we  will  use  the  synthetic  HA  binding  peptide  and  newly  constructed  expression 
vector  to  test  if  the  in  vitro  anti-tumor  effect  of  HA  binding  peptide  can  be  translated  in  vivo  against  the  cell 
growth  of  neurofibromatosis. 
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Key  Research  Accomplishments 

In  past  first  year,  we  have  finished  the  following  tasks:  1)  chemical  synthesis  HA  binding  peptide 
and  control  peptide  in  a  large  scale;  2)  identification  of  its  HA  binding  activity;  3)  characterization  of  anti¬ 
tumor  activity  of  HA  binding  peptide;  4)  study  of  the  effect  of  HA  binding  peptide  on  molecules  involved  in 
cell  programmed  death;  and  5)  construction  of  mammalian  expression  vector  for  HA  binding  peptide. 

The  results  of  study  indicated  that:  1)  large  scale  synthesized  HA  binding  peptide  did  possess  HA 
binding  activity;  2)  synthetic  HA  binding  peptide  exerted  an  anti-tumor  effect  of  on  ST88-14  NF1  cells;  3) 
HA  binding  peptide  could  bind  to  Bc1-2/Bc1-xl,  the  critical  anti-apoptosis  factors,  which  may  be  one  of  the 
mechanisms  by  which  HA  binding  peptide  inhibits  ST88-14  NF1  cells;  4)  the  cells  transfected  with 
expression  vector  carrying  cDNA  of  HA  binding  peptide  could  express  this  peptide  as  evidenced  by  Western 
blotting. 


Conclusions 

•  HA  binding  peptide  can  be  chemically  synthesized  in  a  large  scale. 

•  The  synthetic  HA  binding  peptide  possesses  its  bioactivity  of  binding  to  HA. 

•  HA  binding  peptide  can  significantly  change  the  morphology  of  treated  ST88-14  NF1  cells  and  inhibit 
the  proliferation  of  ST88-14  cells  in  a  dose-dependent  manner  in  an  anchorage-dependent  condition. 

•  HA  binding  peptide  binds  to  BcI-2/BcI-xl,  which  may  be  one  of  the  mechanisms  by  which  HA  binding 
peptide  inhibits  ST88-14NF1  cells. 

•  The  cells  transfected  with  constructed  vector  can  express  HA  binding  peptide. 


12 


Zhang,  Lurong,  M.D.,  Ph.D. 


Reportable  outcomes 

(Due  to  or  partially  due  to  this  support) 

Papers  and  abstracts 

1.  Yixin  Chen,  Shuigen  Hong,  Ningfei  Liu,  Xu-Fang  Pei,  Luping  Wang,  Shanmin  Yang1,  Xue- 
Ming  Xu,  Jinguo  Chen,  Charles  B.  Underhill  and  Lurong  Zhang:  Targeted  hyaluronan 
binding  peptide  inhibits  the  growth  of  ST88-14  Schwann  cells.  Proc.  Annu.  Meet.  Am. 
Assoc.  Cancer  Res  2002;  43:  888:4404 

2.  Hamada  T,  McLean  WH,  Ramsay  M,  Ashton  GH,  Nanda  A,  Jenkins  T,  Edelstein  I,  South  AP, 
Bleck  O,  Wessagowit  V,  Mallipeddi  R,  Orchard  GE,  Wan  H,  Dopping-Hepenstal  PJ,  Mellerio 
JE,  Whittock  NV,  Munro  CS,  van  Steensel  MA,  Steijlen  PM,  Ni  J,  Zhang  L,  Hashimoto  T, 
Eady  RA,  McGrath  JA.:  Lipoid  proteinosis  maps  to  lq21  and  is  caused  by  mutations  in  the 
extracellular  matrix  protein  1  gene  (ECM1).  Hum  Mol  Genet  2002;  1 1(7):  833-840 

3.  Feng  Gao,  Zeqiu  Han,  Ivan  Ding,  Ningfei  Liu,  Weiming  Liu,  Jianzhong  Xie,  Charles  B. 
Underhill  and  Lurong  Zhang,:  Hyaluronidase  acts  as  a  switch  for  fibroblast  growth  factor. 
(International  J.  Cancer  cells,  in  press) 

4.  Liu  N,  Shao  L,  Xu  X,  Chen  J,  Song  H,  He  Q,  Lin  Z,  Zhang  L,  Underhill  CB.:  Hyaluronan 
metabolism  in  rat  tail  skin  following  blockage  of  the  lymphatic  circulation.  Lymphology 
2002;  35(1):  15-22 

5.  Xue-Ming  Xu,  Jinguo  Chen,  Luping  Wang,  Xu-Fang  Pei,  Shanmin  Yang,  Charles  B. 
Underhill  and  Lurong  Zhang:  Peptides  derived  endostatin  and  angiostatin  inhibits  tumor 
growth.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43:1084:5364 

6  Luping  Wang,  Jianjin  Wang,  Jiyao  Yu,  Haoyong  Ning,  Xu-Fang  Pei,  Jinguo  Chen,  Xue-Ming 
Xu,  Shanmin  Yang,  Charles  B.  Underhill,  Lei  Liu  and  Lurong  Zhang:  Expression  pattern  of 
ECM1  in  human  tumors.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43:  729:  3618 

7.  Luping  Wang,  Xu-Fang  Pei,  Jinguo  Chen,  Xue-Ming  Xu,  Shanmin  Yang,  Ningfei  Liu, 
Charles  B.  Underhill  and  Lurong  Zhang:  A  peptide  derived  from  hemopexin-like  domain  of 
MMP9  exerts  anti-tumor  effect.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43: 
159:794 

8.  Shanmin  Yang,  Jinguo  Chen,  Xue-Ming  Xu,  Luping  Wang,  Shimin  Zhang,  Xu-Fang  Pei,  Jing 
Yang,  Charles  B.  Underhill  and  Lurong  Zhang:  Triptolide,  a  potent  anti-tumor/metastasis 
agent.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43:  854:  4233 


9.  Ku-chuan  Hsiao,  Shanmin  Yang,  Jinguo  Chen,  Xue-Ming  Xu,  Luping  Wang,  Jing  Yang, 
Charles  B.  Underhill  and  Lurong  Zhang.  A  peptide  antagonist  of  Fas  acts  as  strong  stimulus 
for  cell  proliferation.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43:  706:3502 


13 


Zhang,  Lurong,  M.D.,  Ph.D. 


10.  Jinguo  Chen,  Xueming  Xu,  Shanmin  Yang,  Luping  Wang,  Charles  B.  Underhill,  Lurong 
Zhang:  Over-expression  of  tumor  necrosis  factor-stimulated  gene-6  protein  (TSG-6) 
suppresses  tumor  growth  in  vivo.  Proc.  Annu.  Meet.  Am.  Assoc.  Cancer  Res  2002;  43: 
799:3962 


14 


Zhang,  Lurong,  M.D.,  Ph.D. 


References 

1 .  Sakai  A:  Characterization  of  the  neurofibromatosis  type  1  gene  and  neurofibromin's  role  in  cells.  Nippon 
Rinsho  2000;  58(7):  1426-9 

2.  Rasmussen  SA,  Friedman  JM:  NF1  gene  and  neurofibromatosis  1.  Am  J  Epidemiol  2000;151(l):33-40 

3.  Shen  MH,  Harper  PS,  Upadhyaya  M:  Molecular  genetics  of  neurofibromatosis  type  1  (NF1).  J  Med 
Genet  1996;  33(1):2-17 

4.  Park  VM,  Pivnick  EK:  Neurofibromatosis  type  1  (NF1):  a  protein  truncation  assay  yielding 
identification  of  mutations  in  73%  of  patients.  J  Med  Genet  1998;  35(1 0):8 13-20 

5.  Friedman  JM:  Epidemiology  of  neurofibromatosis  type  1.  Am  J  Med  Genet  1999;  89(l):l-6 

6.  Feldkamp  MM,  Angelov  L,  Guha  A:  Neurofibromatosis  type  1  peripheral  nerve  tumors:  aberrant 
activation  of  the  Ras  pathway.  Surg  Neurol  1999  Feb;51(2):21 1-8 

7.  Basu  TN,  Gutmann  DH,  Fletcher  JA,  Glover  TW,  Collins  FS,  Downward  J:  Aberrant  regulation  of  ras 
proteins  in  malignant  tumour  cells  from  type  1  neurofibromatosis  patients.  Nature  1992;  356(6371):713-5 

8.  Gutmann  DH,  Loehr  A,  Zhang  Y,  Kim  J,  Henkemeyer  M,  Cashen  A:  Haploinsufficiency  for  the 
neurofibromatosis  1  (NF1)  tumor  suppressor  results  in  increased  astrocyte  proliferation.  Oncogene  1999; 
18(31):  4450-9 

9.  Prayson  RA:  Bcl-2,  bcl-x,  and  bax  expression  in  dysembryoplastic  neuroepithelial  tumors.  Clin 
Neuropathol  2000;  19(2):  57-62 

10.  Weiss  B,  Bollag  G,  Shannon  K:  Hyperactive  Ras  as  a  therapeutic  target  in  neurofibromatosis  type  1.  Am 
J  Med  Genet  1999;  89(1):  14-22 

11.  Yan  N,  Ricca  C,  Fletcher  J,  Glover  T,  Seizinger  BR,  Manne  V:  Famesyltransferase  inhibitors  block  the 
neurofibromatosis  type  I  (NF1)  malignant  phenotype.  Cancer  Res  1995;  55(16):3569-75 

12.  Rowinsky  EK,  Windle  JJ,  Von  Hoff  DD:  Ras  protein  famesyltransferase:  A  strategic  target  for  anticancer 
therapeutic  development.  J  Clin  Oncol  1999  Nov;  1 7(1 1):363 1-52 

13.  Gabriel  KR:  Neurofibromatosis.  Curr  Opin  Pediatr  1997;  9(1):  89-93 

14.  Owen-Schaub  L,  Chan  H,  Cusack  JC,  Roth  J,  Hill  LL:  Fas  and  Fas  ligand  interactions  in  malignant 
disease.  Int  J  Oncol  2000;  17(1):  5-12 

15.  Arya  J,  Finlayson  CA,  Shames  BD,  Harken  AH,  Anderson  BO:  Stimulated  apoptosis  as  an  anti¬ 
neoplastic  strategy.  Surgery  2000;  127(4):  366-9 

16.  Lowe  SW,  Lin  AW:  Apoptosis  in  cancer.  Carcinogenesis  2000;  21(3):  485-95 

17.  Reed  JC:  Dysregulation  of  apoptosis  in  cancer.  J  Clin  Oncol  1999;  17(9):  2941-53 

18.  Roth  JA,  Swisher  SG,  Meyn  RE:  p53  tumor  suppressor  gene  therapy  for  cancer.  Oncology  (Huntingt) 
1999;13(10  Suppl  5):  148-54 

19.  Lang  FF,  Yung  WK,  Sawaya  R,  Tofilon  PJ:  Adenovirus-mediated  p53  gene  therapy  for  human  gliomas. 
Neurosurgery  1999;  45(5):  1093-104 

20.  Brenner  C  and  Kroemer  G:  Mitochondria  -the  death  signal  integrators.  Science  2000;  289  (5482):  1150- 
1151 

21.  Marchenko  ND,  Zaika  A,  Moll  UM:  Death  signal-induced  localization  of  p53  protein  to  mitochondria.  A 
potential  role  in  apoptotic  signaling.  J  Biol  Chem  2000  May  26;  275(21):  16202- 12 

22.  Klein  D,  Ricordi  C,  Pugliese  A,  Pastori  RL:  Inhibition  of  Fas-mediated  apoptosis  in  mouse  insulinoma 
betaTC-3  cells  via  an  anti-Fas  ribozyme.  Hum  Gene  Ther  2000  May  1;1 1(7):  1033-45 

23.  Shinoura  N,  Muramatsu  Y,  Yoshida  Y,  Asai  A,  Kirino  T,  Hamada  H:  Adenovirus-mediated  transfer  of 
caspase-3  with  Fas  ligand  induces  drastic  apoptosis  in  U-373MG  glioma  cells.  Exp  Cell  Res  2000; 
256(2):423-33 

24.  Villunger  A,  Egle  A,  Marschitz  I,  Kos  M,  Bock  G,  Ludwig  H,  Geley  S,  Kofler  R,  Greil  R:  Constitutive 
expression  of  Fas  (Apo-l/CD95)  ligand  on  multiple  myeloma  cells:  a  potential  mechanism  of  tumor- 
induced  suppression  of  immune  surveillance.  Blood  1997;  90(1):  12-20 


15 


Zhang,  Lurong,  M.D.,  Ph.D. 

25.  Morris  G,  DeNardo  SJ,  DeNardo  GL,  Leshchinsky  T,  Wu  B,  Mack  PC,  Winthrop  MD^uineilocSrPH: 
Decreased  C-MYC  and  BCL2  expression  correlates  with  methylprednisolone-mediated  inhibition  of  Raji 
lymphoma  growth.  Biochem  Mol  Med  199;  60(2):108-15 

26.  Reed  JC:  Regulation  of  apoptosis  by  bcl-2  family  proteins  and  its  role  in  cancer  and  chemoresistance. 
Curr  Opin  Oncol  1995;  7(6):541-6 

27.  Guo  YJ,  Liu  G,  Wang  X,  Jin  D,  Wu  M,  Ma  J,  Sy  MS:  Potential  use  of  soluble  CD44  in  serum  as 
indicator  of  tumor  burden  and  metastasis  in  patients  with  gastric  or  colon  cancer.  Cancer  Res 
1994;54(2):422-6 

28.  Sy  MS,  Guo  YJ,  Stamenkovic  I:  Inhibition  of  tumor  growth  in  vivo  with  a  soluble  CD44- 
immunoglobulin  fusion  protein  J  Exp  Med  1992;176(2):623-7 

29.  Mohapatra  S,  Yang  X,  Wright  JA,  Turley  EA,  Greenberg  AH:  Soluble  hyaluronan  receptor  RHAMM 
induces  mitotic  arrest  by  suppressing  Cdc2  and  cyclin  B1  expression.  J  Exp  Med  1996;  183(4):  1663-8 

30.  O'Reilly  MS,  Boehm  T,  Shing  Y,  Fukai  N,  Vasios  G,  Lane  WS,  Flynn  E,  Birkhead  JR,  Olsen  BR, 
Folkman  J:  Endostatin:  an  endogenous  inhibitor  of  angiogenesis  and  tumor  growth.  Cell  1997;88 
(2):277-85 

31.  O'Reilly  MS,  Holmgren  L,  Shing  Y,  Chen  C,  Rosenthal  RA,  Moses  M,  Lane  WS,  Cao  Y,  Sage  EH, 
Folkman  J :  Angiostatin:  a  novel  angiogenesis  inhibitor  that  mediates  the  suppression  of  metastases  by 
a  Lewis  lung  carcinoma.  Cell  1994;79(2):3 15-28 

32.  Bergers  G,  Javaherian  K,  Lo  KM,  Folkman  J,  Hanahan  D:  Effects  of  angiogenesis  inhibitors  on 
multistage  carcinogenesis  in  mice.  Science  1999;  284(54 1 5): 808- 1 2 

33.  Brooks  PC,  Silletti  S,  von  Schalscha  TL,  Friedlander  M,  Cheresh  DA:  Disruption  of  angiogenesis  by 
PEX,  a  noncatalytic  metalloproteinase  fragment  with  integrin  binding  activity.  Cell  1998;  92(3):391- 
400 

34.  Miller  DR,  et  al:  Phase  I/II  trial  of  the  safety  and  efficacy  of  shark  cartilage  in  the  treatment  of  advanced 
cancer.  J  Clin  Oncol.  1998;  16(1 1):3649-55 

35.  Simone  CB,  et  al:  Shark  cartilage  for  cancer.  Lancet.  1998;  9;  351(9113):  1440. 

36.  Newman  V,  et  al:  Dietary  supplement  use  by  women  at  risk  for  breast  cancer  recurrence.  The  Women's 
Healthy  Eating  and  Living  Study  Group.  J  Am  Diet  Assoc.  1998;  98(3):  285-92. 

37.  Ernst  E:  Shark  cartilage  for  cancer?  Lancet.  1998;  24;  351(9098):  298. 

38.  Markman  M:  Shark  cartilage:  the  Laetrile  of  the  1990s.  Cleve  Clin  J  Med.  1996;  63(3):  179-80. 

39.  Hunt  TJ,  et  al:  Shark  cartilage  for  cancer  treatment.  Am  J  Health  Syst  Pharm.  1995;  52(16):  1756,  1760. 

40.  Blackadar  CB:  Skeptics  of  oral  administration  of  shark  cartilage.  J  Natl  Cancer  Inst.  1993;  85(23):  1961- 

2. 

41 .  Mathews  J:  Media  feeds  frenzy  over  shark  cartilage  as  cancer  treatment.  J  Natl  Cancer  Inst.  1993;  4; 
85(15):  1190-1. 

42.  Couzin  J.:  Beefed-up  NIH  center  probes  unconventional  therapies.  Science.  1998;282(5397):2175-6 

43.  Oikawa  T,  et  al:  A  novel  angiogenic  inhibitor  derived  from  Japanese  shark  cartilage  (I).  Extraction  and 
estimation  of  inhibitory  activities  toward  tumor  and  embryonic  angiogenesis.Cancer  Lett. 
1990;5 1(3):  181-6. 

44.  Lee  A,  et  al:  Shark  cartilage  contains  inhibitors  of  tumor  angiogenesis.  Science.  1983;  221  (461 6):  1 185- 
7. 

45.  Langer  R.  Brem  H.  Falterman  K.  Klein  M.  Folkman  J.  Isolations  of  a  cartilage  factor  that  inhibits  tumor 
neovascularization.  Science;  1976. 193 (4247): 70-2 

46.  Horsman  MR,  et  al:  The  effect  of  shark  cartilage  extracts  on  the  growth  and  metastatic  spread  of  the 
SCCVII  carcinoma.  Acta  Oncol.  1998;  37(5):  441-5. 

47.  Moses,  M  A,  Sudhalter,  J.,  and  Langer,  R.:  Identification  of  an  inhibitor  of  neovascularization  from 
cartilage.  Science  1990;  248:  1408-1410 


16 


Zhang,  Lurong,  M.D.,  Ph.D. 


48.  Moses,  M  A,  Sudhalter,  J.,  and  Langer,  R.:  Isolation  and  characterization  of  an  inhibitor  of 
neovascularization  from  scapular  chondrocytes.  J.  Cell  Biol.  1992:  119  (2):473-482 

49.  Minn,  A.  J.,  Velez,  P.,  Schendel,  S.  L.,  Liang,  H.,  Muchmore,  S.  W.,  Fesik,  S.  W.,  Fill,  M.,  and 
Thompson,  C.  B.  (1997).  Bcl-x(L)  forms  an  ion  channel  in  synthetic  lipid  membranes.  Nature  385,  353- 
357. 

50.  Schendel,  S.  L.,  Xie,  Z.,  Montal,  M.  O.,  Matsuyama,  S.,  Montal,  M.,  and  Reed,  J.  C.  (1997).  Channel 
formation  by  antiapoptotic  protein  Bcl-2.  Proc.Natl.Acad.Sci.  U.S.A  94,  5113-5118. 

51.  Schlesinger,  P.  H.,  Gross,  A.,  Yin,  X.  M.,  Yamamoto,  K.,  Saito,  M.,  Waksman,  G.,  and  Korsmeyer,  S.  J. 
(1997).  Comparison  of  the  ion  channel  characteristics  of  proapoptotic  BAX  and  antiapoptotic  BCL-2. 
Proc.Natl.Acad.Sci.  U.S.A  94,  11357-11362. 


17 


